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Abstract 
In this work a beef roasting model is used to analyze the behaviour of two significant parameters during roasting: 
process times and weight losses, as a function of oven temperature. The cooking model considers conductive heat 
transfer inside the sample and take into account both evaporative and dripping losses. The evaporative losses are 
considered at the surface of the meat. The dripping losses are predicted through the internal moisture content 
variation, which is modelled as a function of water demand. Such water demand is the difference between actual 
water content and the water holding capacity of beef. For model simulation six 3D irregular geometrics models of 
semitendinosus muscle were used. In all cases constant oven temperature was considered, with operative limits of 150 
and 230ºC. A restriction to the optimization problem was imposed: the coldest point must reach a minimum 
temperature of 72ºC. The model prediction indicates that an increase in oven temperature leads to a decrease in 
cooking time and an increase in weight loss. In average, rates of variation with oven temperature are -0.3 min/ºC for 
cooking time, and 0.21%/ºC for weight loss, which are similar to published experimental results. Because of the 
mentioned behaviour, a compromise situation is encountered, since no operative condition lead to a minimization of 
both objectives. 
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1.Introduction 
Roasting of beef in convective ovens leads to a significant weight loss of the final product. Two 
mechanisms of water loss can be identified: evaporation and dripping, depending on operative conditions. 
To achieve a certain degree of doneness, it is commonly accepted that a high oven temperature produces a 
reduction in the cooking time; however such condition can induce a high weight loss. This situation shows 
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evidence of an opposite behaviour between both objectives, i.e. the cooking time can not be reduced 
without increasing the weight loss and vice versa. In this sense, it could be possible to select the oven 
temperature depending on which objective is more important for the process. Beef roasting optimization 
has been addressed by several authors. In ([1], [2]) the authors used a cooking model to optimize the 
cooking process; their objective was to minimize deviations between an inner arbitrary temperature 
profile defined as optimum, and the profile simulated using different combinations of oven temperature-
time. In [3] the author analyzed the influence of four roasting treatments in several quality indexes: weight 
loss, shear force and other parameters obtained with trained sensorial panels. In [4] the authors optimized 
the cooking process focusing in texture and collagen denaturalization, they divided the process into three 
cycles of different temperature: preheating, holding and ending.   
 
The objective of this work was to analyze the behaviour of cooking times and weight losses as a 
function of oven temperature, by using a roasting model. The predicted values were compared with 
commonly accepted recommendations and experimental data, and similar trends were found.  
2.Materials and Methods 
The beef roasting model used in this work was developed and validated in earlier studies ([5], [6]). The 
model considers conductive heat transfer inside the sample: 
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where ȡ, CP, T, t and k are density, heat capacity, temperature, time and thermal conductivity, 
respectively. The evaporative weight loss is taken into account at the surface by the evaporative flux 
jevap: 
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where h, İ, ı, Ȝ, kg, aw, RH and Psat are heat transfer coefficient, emissivity, Stefan-Boltzmann constant, 
water evaporation heat, mass transfer coefficient, water activity, relative humidity and water vapour 
pressure, respectively; subscripts s and o refer to surface and oven, respectively.  
 
To account for the dripping losses, the model incorporates a simple mass balance which establishes 
that water content variation is directly proportional to water demand. This value is the difference between 
the instant water content c and water holding capacity WHC: 
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where ms is the dry solid mass and KW is a temperature dependent parameter. The model’s results were 
in good agreement with experimental tests: the average absolute relative error was 3.91% for cooking time 
prediction, and 7.96% for total weight loss prediction (or similarly, 3.02% for final weight prediction) 
([5], [6]).  
 
In order to obtain information about cooking time and weight loss behaviour, the roasting model was 
simulated using six 3D irregular domains constructed earlier from beef semitendinosus muscle samples 
(Figure 1); their initial weights were between 0.49 and 1.08 kg. The model was solved by the finite 
element method using COMSOL™ Multiphysics ([7]). 
 
 
 
 
 
 
 
 
Fig. 1. Image of one whole raw sample and its geometric model.  
For the numerical simulations, the initial temperature and water content were set to 4ºC and 75% (wet 
basis), respectively. Oven temperature was considered constant during the roasting. In all cases the 
cooking time and weight loss were computed when the coldest point reached 72ºC. The multi-objective 
optimization problem was solved using the weighted sum method ([8]), which considers both simple 
objectives: the cooking time (tc) and the weight loss (WL), being Į a weight factor, Į [0 1]: 
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In a similar sense, [9] used this methodology to evaluate a nutritional index in turkey breast roasting, 
considering the content of different components as simple objectives. In Eq. (5), the weight loss is 
obtained as an output of the model, which can predict both evaporative and dripping losses. The 
evaporative losses are obtained by surface integration of evaporative flux, and dripping losses are 
estimated according to differences in water content profiles respect to initial ones. Since one single run 
can require several hours to find an optimal solution using the full distributed model, we apply the 
following approach: several runs were done considering different values of oven temperature between 150 
and 230ºC (a ¨T = 10ºC was used), for each sample. Then, the results of cooking time and weight loss 
were fitted to a simple (quadratic) function of oven temperature. These simple equations were used to 
perform the optimization routine, using several Į values. In all cases a gradient based optimization method 
was used.  
3.Results and Discussion 
Minimum and maximum predicted cooking time were 49 and 106 minutes, which correspond to the 
smallest sample, cooked at the highest oven temperature and the largest sample at the lowest oven 
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temperature, respectively. For such conditions the total weight losses, evaluated respect to the initial 
weight, were 39.3 and 21.7%. Figure 2 shows the cooking time and weight loss vs. oven temperature, for 
the six samples used in the numerical simulations. For all tested samples an opposite behaviour between 
cooking time and weight loss was predicted by the model, i.e. an increase of oven temperature from 150 
to 230ºC results in a decrease of cooking time (20-26 minutes) and an increase of weight loss (14-22 
percentage points).  
 
Fig. 2. Cooking time and weight loss vs. oven temperature. M0 correspond to the initial weight (kg) of each sample.   
An average rate of variation of each variable with oven temperature can be calculated, although trends 
of both variables are not perfectly linear. So, the respective rates of variation are -0.3 min/ºC for cooking 
time and 0.21%/ºC for weight loss. The results of the model agree with the guidelines of [10], who 
indicate that low temperatures are necessary in order to minimize the weight loss of large beef samples. In 
[11], the authors experimentally found that cooking time decrease and weight loss increase according to 
oven temperature increase. The cooking time and weight loss variation with oven temperature were -0.4 
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min/ºC and 0.12%/ºC, respectively, to a core temperature of 70ºC and for values of oven temperature 
between 175 and 225ºC. Similarly, in [3] the author found that cooking time and weight loss variation 
with oven temperature were -0.62 min/ºC and 0.15%/ºC, respectively, considering a final core temperature 
of 62ºC and oven temperature between 120 and 170ºC. On the other hand, in [12] the authors found that 
an increase in oven temperature reduces both cooking time and weight loss. Then, according to their 
results the objectives are not competing. It is worth to note that the equipment used is different of that 
used in the former mentioned studies.  
The analysis of these results indicates that it is not possible to select an operative condition that has 
favourable effect on both predicted quantities, i.e. all of them are optimal in the Pareto sense ([8], [13]). 
Figure 3 shows the Pareto optimal front in the objective space, where the compromise situation between 
objectives can be seen more clearly. Using simple equations to approximate a set of optimal solutions 
reduces significantly the computing time, and the obtained Pareto optimal front remains close to the real 
ones.  
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Fig. 3. Pareto optimal front in the objective space. Symbols are the optimal solutions at fixed To. Lines correspond to optimal front 
using the fitted equations and different Į values.  
4.Conclusions 
The trends of both variables predicted by the beef roasting model (cooking time and weight loss) are 
comparable to published results. Because of the mentioned behaviour, a compromise situation is 
encountered. In consequence, the operator must select the best operative condition in an arbitrary way or 
from additional or high level information. The last one can be related to energy supply for roasting, and 
also can be related to quality features as texture and colour, among others. Also, such information could 
be coupled to the roasting model.  
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